There are few shipborne observations addressing the factors influencing the relationships of the 13 formation and growth of aerosol particles with cloud condensation nuclei (CCN) in remote marine 14 environments. In this study, the physical properties of aerosol particles throughout the Arctic Ocean and 15 Pacific Ocean were measured aboard the Korean ice breaker R/V Araon during the summer of 2017 for 16 25 days. A number of New Particle Formation (NPF) events and growth were frequently observed in 17 both Arctic terrestrial and Arctic marine air masses. By striking contrast, NPF events were not detected 18 in Pacific marine air masses. Three major aerosol categories are therefore discussed: (1) Arctic marine 19 (aerosol number concentration CN 2.5 : 413 ± 442 cm −3 ), (2) Arctic terrestrial (CN 2.5 : 1622 ± 1450 cm −3 ) 20 and (3) Pacific marine (CN 2.5 : 397 ± 185 cm −3 ), following air mass back trajectory analysis. A major 21 conclusion of this study is that not only that the Arctic Ocean is a major source of secondary aerosol 22 formation relative to the Pacific Ocean; but also that open ocean sympagic and terrestrial influenced 23 coastal ecosystems both contribute to shape aerosol size distributions. We suggest that terrestrial 24 ecosystems -including river outflows and tundra -strongly affects aerosol emissions in the Arctic 25 coastal areas, possibly more than anthropogenic Arctic emissions. The increased river discharge, tundra 26 emissions and melting sea ice should be considered in future Arctic atmospheric composition and 27 climate simulations. The average CCN concentrations at a supersaturation ratios of 0.4% were 35 ± 40 28 cm -3 , 71 ± 47 cm -3 , and 204 ± 87 cm -3 for Arctic marine, Arctic terrestrial, and Pacific marine aerosol
exceeded ~600 cm -3 (except for the results observed in the evening of September 18). In addition, the 212 CN 2.5 concentration was strongly correlated with the N NUC concentration (r 2 = 0.69) ( Fig. S3) , 213 suggesting that the high CN concentration was mainly derived from nucleation-mode particles. 214 Instances of elevated N NUC occurred along the northern coast of Alaska (September 13 -14, 2017) , 215 throughout the Chukchi Sea (September 15, 2017) , near the Nome and Eastern Siberia (September 16 -216 18, 2017), and throughout the Bering Sea (September 19 -20, 2017) . During the cruises, the satellite-217 derived chlorophyll-a concentration data indicated strong biological activity over the Chukchi and 218 Bering Seas, as shown in Fig. S1 . Thus, the high occurrence of nucleation-mode particles may be 219 related to multiple processes that influence the formation of secondary aerosols (e.g., oceanic biological 220 activities, regional anthropogenic emissions on land (Alaska or eastern Siberia), and terrestrial sources 221 in the tundra ecosystems of Alaska). 
Case studies 224
As mentioned in Section 3.1, significant increases in N NUC were frequently observed during the 225 cruise ( Fig. 2 b) . Typically, N NUC is used to indicate the presence of newly formed particles produced by 226 gas-to-particle conversion (i.e., secondary aerosol formation) (Asmi et al., 2016; Burkart et al., 2017) .
227
Here, an NPF event was defined as a sharp increase in the N NUC with elevated CN 2.5 that lasted for at 228 least one hour. Fig. 3 presents contour plots of the size distributions measured using nano SMPS and 229 standard SMPS. This strong NPF and growth event occurred over the Chukchi and Bering Seas, which 230 border the western and northern sides of Alaska, suggesting that there may be a substantial source of 231 precursors in this region. Bursts of the smallest particles at the lowest detectable sizes (~2.5 nm) were 232 not observed, however, we hypothesize that, during the NPF event, particle formation occurred 233 elsewhere and that subsequent horizontal extension caused the particles to reach the sampling site.
234
Previously, NPF events have been identified on the regional scale in several locations around the world 235 (Kerminen et al., 2018; Németh and Salma, 2014; Vana et al., 2004; Väänänen et al., 2013) . For instances, 236 Németh and Salma (2014) found that a nucleating air mass in regional NPF events may originate (Fig. S1) . Moreover, the marginal ice zone is commonly associated with intense algae 257 blooms during the melting season, therefore, significant emissions of biogenic trace gases such as DMS 258 have been detected in the sea-ice edge (Levasseur, 2013; Oziel et al., 2017) . Accordingly, as our 259 measurements were collected over the Arctic Ocean onboard the ice breaker, marine biogenic sources 260 could be considered as an important factor inducing NPF events. 261 Fig. 4d shows Solar Zenith Angle (SZA) data that can be used as a proxy for solar energy reaching 262 the ground surface. We found that the NPF event occurred when the sun was below the horizon (i.e., Arctic nighttime nucleation). Typically, nucleation trends to take place preferably with high solar 264 irradiation during the daytime (Kulmala et al., 2004) . In several locations, however, also nighttime 265 nucleation has been observed at Tumbarumba in Australian (Suni et al., 2008) , at Värriö measurement 266 station in Finnish Lapland (Vehkamäki et al., 2004) , and at a subarctic site in northern Sweden (~14 km 267 east of Abisko) (Svenningsson et al., 2008) . The possible explanation for nighttime events is that the 268 actual formation and growth occurred even during daylight, but very slow growth in the Arctic and 269 marine atmosphere allowed to detect the particles (~ 8 nm) only after sunset (Vehkamäki et al., 2004) . 276 The terrestrial Arctic NPF event was observed during September 13−14 2017. As shown in Fig. 5 , 277 significant strong NPF events occurred frequently during this period. The number concentration of total 278 particles increased considerably, as a CN 2.5 value exceeding ~6016 cm -3 was observed during this event.
Open ocean terrestrial Arctic NPF event case study

279
In addition, the average concentrations of N NUC and N AIT during the terrestrial Arctic NPF were 931 ± 280 222 and 1127 ± 380 cm -3 , respectively. This indicates that high CN 2.5 concentration mainly contributed 281 by nucleation and Aitken-mode particles (45 and 54% of the size distribution for nucleation-mode and 282 Aitken-mode particles, respectively). GMD increased from 13.9 to 33.3 nm, indicating that the 283 nucleation-mode particles subsequently increased in size. The formation and growth of aerosol particles 284 were observed during the daytime (Fig. 5d ), suggesting that photochemistry is involved. During this emitted by terrestrial ecosystems in Alaska were associated with new particle formation and growth 290 (Schollert et al., 2014; TAPE et al., 2006; Kolesar et al., 2017; Ström et al., 2003) . 
